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FIXING MEMBER MANUFACTURING
METHOD AND FIXING MEMBER
MANUFACTURING APPARATUS

FIELD OF THE INVENTION AND RELATED
ART

The present invention relates to a fixing member manufac-
turing method and a fixing member manufacturing apparatus.

As a fixing member used in a fixing device to be conven-
tionally mounted in an image forming apparatus of an elec-
trophotographic type, a fixing member of a type in which an
elastic material (e.g., a silicone rubber layer) is coated with a
resin tube (e.g., a fluorine-containing resin tube) has been
known.

As a method for manufacturing such a fixing member
including the elastic material coated with the resin tube, the
following method (Japanese Laid-Open Patent Application
(JP-A) Sho 63-298383) has been known. Specifically, in this
method, on an inner peripheral surface of a metal mold, a PFA
(tetrafluoroethylene-perfluoroalkylvinylether ~ copolymer)
tube is fixed. Then, a core metal is inserted into the metal
mold, and thereafter a silicone rubber is injected between the
core metal and the PFA tube to be cured, thus integrally
forming the elastic material coated with the resin tube.

However, in such a tube coating method using the metal
mold, if a center axis of the core metal and a center axis of the
inner peripheral surface of the metal mold are not accurately
coincide with each other, cylindricity after manufacturing is
deviated, so that rotation non-uniformity is undesirably gen-
erated during use.

For that reason, in order to bring a degree of run-out of a
fixing roller within a predetermined range, the center axis of
the roller and the center axis of the metal mold inner periph-
eral surface are required to be coincide with each other with
high accuracy, and thus the metal mold having high shape
accuracy is needed, so that there was a problem of a high
manufacturing cost.

As amethod in which such a metal mold having high shape
accuracy is not needed and in which a rubber roller is inex-
possively coated with the resin tube in a simple step, the
following method (JP-A 2002-36360) has been known. Spe-
cifically, in this method, an adhesive is applied onto an outer
peripheral surface of the elastic material (rubber layer), and
thereafter the resin tube is externally fitted around the elastic
material coated with the adhesive. Then, an excessive adhe-
sive located between the elastic material and the resin tube is
squeezed by using a squeezing ring having a diameter smaller
than an outer diameter of the resin tube placed in a state in
which the resin tube is externally fitted around the elastic
layer (elastic material).

However, in this method, in the case where the elastic
material and the outer diameter of the resin tube have varia-
tions due to production error, the diameter of the squeezing R
is a certain diameter, and therefore there is a fear that the
squeezing step cannot be performed properly.

Further, as a similar method, the following method (JP-A
2005-238765) has been known. Specifically, in this method, a
ring(-like) member having a diameter slightly larger than an
outer diameter of the resin tube externally fitted around the
elastic material is used. The ring member is provided with an
air ejection port at an inner peripheral surface. When an
excessive adhesive located between the elastic material and
the resin tube is squeezed, the ring member is moved from a
longitudinal end side to another longitudinal end side of the
resin tube while blowing the air from the ring member to the
resin tube.
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However, in this method, as described in Comparison
example appearing hereinafter, the squeezing step is per-
formed by the air while maintaining a non-contact state of the
ring member with the resin tube, and therefore there is a fear
that the squeezing of the adhesive cannot be properly made.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide a
fixing member manufacturing method and a fixing member
manufacturing apparatus which are capable of properly
squeezing an excessive adhesive from between a resin tube
and an elastic material.

According to an aspect of the present invention, there is
provided a fixing member manufacturing method compris-
ing: a first step of externally fitting a resin tube around an
elastic material; and a second step of squeezing an excessive
adhesive from between the elastic material and the resin tube,
wherein the second step comprises: a step of externally fit-
ting, around the resin tube in a longitudinal end side, a ring
member having an inner diameter larger than an outer diam-
eter of the resin tube externally fitted around the elastic mate-
rial; and a step of moving the ring member from the longitu-
dinal end side toward another longitudinal end side of the
resin tube while bringing the ring member into contact with
an outer peripheral surface of the resin tube by air pressure.

According to another aspect of the present invention, there
is provided a fixing member manufacturing apparatus com-
prising: a mechanism configured to externally fit a resin tube
around an elastic material; and a mechanism configured to
squeeze an excessive adhesive from between the elastic mate-
rial and the resin tube, wherein the squeezing mechanism
comprises: a ring member having an inner diameter larger
than an outer diameter of the resin tube externally fitted
around the elastic material; and a mechanism configured to
move the ring member from the longitudinal end side toward
another longitudinal end side of the resin tube while bringing
the ring member into contact with an outer peripheral surface
of' the resin tube by air pressure.

These and other objects, features and advantages of the
present invention will become more apparent upon a consid-
eration of the following description of the preferred embodi-
ments of the present invention taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view for illustrating a structure and
positional relationship of a fluorine-containing resin tube as a
surface layer and a squeezing ring(-like) member in Embodi-
ment 1.

Parts (a) and (b) of FIG. 2 are schematic views for illus-
trating a layer structure of a fixing belt (or a pressing belt).

FIG. 3 is a schematic view for illustrating a structure of an
image forming apparatus as an example.

FIG. 4 is a schematic view for illustrating a fixing device in
Embodiment 1.

FIG. 5 is a schematic view for illustrating a forming
method of an elastic layer of the fixing belt (or pressing belt).

FIG. 6 is a schematic view for illustrating an outer appear-
ance of a PFA tube coating for the fixing belt (or pressing
belt).

Parts (a) to (1) of FIG. 7 are schematic views for illustrating
a PFA tube coating method for the fixing belt (or the pressing
belt).

FIG. 8 is a schematic view for illustrating the squeezing
ring member in Embodiment 1.
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FIG. 9 is a schematic view for illustrating a state in which
pressure is not applied to the squeezing ring member in
Embodiment 1.

Parts (a) to (d) of FIG. 10 are a schematic view for illus-
trating a squeezing method in Embodiments 1 and 2 and
Comparison example.

FIG.11isaschematic view forillustrating a squeezing ring
member in Comparison example to be compared with
Embodiment 1.

FIG.12is a schematic view for illustrating a squeezing ring
member in Embodiment 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described specifically based
on embodiments. Incidentally, although these embodiments
are examples of embodiments to which the present invention,
but the present invention is not limited thereto, and various
modifications can be made within a range of the concept of
the present invention.

[Embodiment 1]
(1) Image Forming Apparatus

FIG. 3 is a schematic illustration showing a general struc-
ture of an image forming apparatus used in this embodiment.
An image forming apparatus 1 is a laser printer of an electro-
photographic type and includes a photosensitive drum 2 as an
image bearing member for bearing a latent image. The pho-
tosensitive drum 2 is rotationally driven in the clockwise
direction at a predetermined peripheral speed, so that an outer
surface of the photosensitive drum 2 is electrically charged
uniformly to a predetermined polarity and a predetermined
potential. The uniformed charged surface of the photosensi-
tive drum 2 is exposed to laser light 5 based on image infor-
mation by alaser scanner (optical device) 4. As aresult, on the
surface of the photosensitive drum 2, an electrostatic latent
image corresponding to the image information of the laser
light is formed.

The electrostatic latent image is developed as a toner image
by a developing device 6. The toner image is successively
transferred onto a recording material (sheet) S, introduced
into a transfer portion as a contact portion between the pho-
tosensitive drum 2 and a transfer roller 7, at the transfer
portion.

Sheets of the recording material S are stacked and accom-
modated in a sheet feeding cassette 9 provided at a lower
portion of the image forming apparatus. At predetermined
sheet feeding timing, when a sheet feeding roller 10 is driven,
the sheets of the recording material S in the sheet feeding
cassette 9 are separated and fed one by one, and then the
separated and fed recording material S passes through a con-
veying passage 10a to reach a registration roller pair 11. The
registration roller pair 11 receives a leading edge portion of
the recording material S to rectify oblique movement of the
recording material S. The recording material S is sent to the
transfer portion in synchronism with the toner image on the
photosensitive drum 2 so that timing when a leading end
portion of the toner image on the photosensitive drum 2
reaches the transfer portion coincides with timing when also
the leading edge portion of the recording material S just
reaches the transfer portion.

The recording material S passing through the transfer por-
tion is separated from the surface of the photosensitive drum
2, and then is conveyed into an image fixing device A. By the
fixing device A, the unfixed toner image on the recording
material S is fixed as a fixed image on the recording material
surface under application of heat and pressure. Then, the
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recording material S passes through a conveying passage 105
and then is discharged and placed on a discharge tray 13, by
a discharging roller pair 12, provided at an upper portion of
the image forming apparatus. Further, the surface of the pho-
tosensitive drum 2 after the recording material separation is
cleaned by removing a residual deposited matter such as a
transfer residual toner by a cleaning device 9, thus being
repetitively subjected to image formation.

(2) Fixing Device A

FIG. 4 is a schematic illustration showing a general struc-
ture of the fixing device A. The fixing device A is of a twin belt
type and of an electromagnetic induction heating type.

Here, with respect to the fixing device A and members
constituting the fixing device A, a longitudinal direction
refers to a direction parallel to a direction perpendicular to a
recording material conveyance direction in a plane of a
recording material conveying passage. With respect to the
fixing device, a front (side or surface) refers to a side or
surface in a recording material introducing side. Left and
right refer to left and right as seen from the front side of the
fixing device. A width of the belt refers to a dimension of the
belt with respect to the direction perpendicular to the record-
ing material conveyance direction, i.e., the dimension of the
belt with respect to the longitudinal direction. A width of the
recording material refers to a dimension of the recording
material with respect to the direction perpendicular to the
recording material conveyance direction in a plane of the
recording material. Further, upstream and downstream refer
to upstream and downstream with respect to the recording
material conveyance direction.

The fixing device A includes a fixing belt (heating member)
20 and a pressing belt (pressing member) 30 between which
a nip where the recording material is heated and pressed
which being nipped and conveyed is to be formed. Both of the
fixing belt 20 and the pressing belt 30 are a flexible endless
belt.

A structure of the fixing belt 20 will be specifically
described later in (3). The fixing belt 20 is extended and
stretched around a tension roller 51 and a fixing roller 52
which are provided, as a belt stretching member, in parallel to
each other with a spacing, and a downward fixing pad 53
which is provided, as a first photosensitive drum, between the
rollers 51 and 52. Each of the tension roller 51 and the fixing
roller 52 is shaft-supported rotatably between left and right
side plates of a fixing device casing (not shown). The fixing
pad 53 is supported and disposed between the left and right
side plates of the fixing device casing.

The tension roller 51 is an iron-made hollow roller of 20
mm in outer diameter, 18 mm in inner diameter and 1 mm in
thickness, and provides tension to the fixing belt 20.

The fixing roller 52 is an elastic roller, having a high sliding
property, which is prepared by forming a silicone rubber
elastic layer, as an elastic layer, on an iron alloy-made hollow
core metal of 20 mm in outer diameter, 18 mm in inner
diameter and 1 mm in thickness. The fixing roller 52 is used
as a driving roller into which a driving force is inputted from
a driving source (motor) M via an unshown driving gear train,
thus being rotationally driven in the clockwise direction of an
arrow at a predetermined speed.

By providing the fixing roller 52 with the elastic layer as
described above, it is possible to satisfactorily transmit the
driving force, inputted into the fixing roller 52, to the fixing
belt 20, and at the same time, it is possible to form a fixing nip
for ensuring a separating property of the recording material S
from the fixing belt 20. Hardness of the silicone rubber is 15
degrees in terms of JIS-A hardness. The silicone rubber elas-
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tic layer is also effective in shortening a warming-up time
since an amount of heat conduction to the inside is also
decreased.

The pressing belt 30 is prepared, in this embodiment, by
providing, on a base layer of electroformed nickel, a 30 um-
thick tube of PFA, which is a fluorine-containing resin mate-
rial, as a surface parting layer. In FIG. 4, the pressing belt 30
is located below the fixing belt 20 and is disposed in the
following manner. That is, the pressing belt 30 is extended
and stretched around a tension roller 54 and a pressing roller
55 which are provided, as a belt stretching member, in parallel
to each other with a spacing, and a upward fixing belt 56
which is provided, as a second photosensitive drum, between
the rollers 54 and 55. Each of the tension roller 54 and the
pressing roller 55 is shaft-supported rotatably between left
and right side plates of a fixing device casing (not shown).

The tension roller 54 is prepared by forming a silicone
sponge layer for decreasing a degree of heat conduction from
the pressing belt 30 by decreasing heat conductivity, on an
iron alloy-made hollow core metal of 20 mm in outer diam-
eter, 16 mm in inner diameter and 2 mm in thickness. The
tension roller 54 provides tension to the pressing belt 30. The
pressing roller 55 is an iron alloy-made hollow rigid roller,
having a low sliding property, of 20 mm in outer diameter, 16
mm in inner diameter and 2 mm in thickness. The pressing
pad 56 is supported and disposed between the left and right
side plates of the fixing device casing.

Further, in order to form a fixing nip 60 as an image heating
portion between the fixing belt 20 and the pressing belt 30, the
pressing roller 55 is pressed at each of left and right end
portions of a rotation shaft thereof by a pressing mechanism
(not shown) toward the fixing roller 52 in an arrow F direction
at a predetermined pressure.

Further, in order to obtain a wide fixing nip 60 without
upsizing the fixing device, the pressing pad 56 is employed.
That is, the fixing belt 20 is pressed toward the pressing belt
30 by the fixing pad 53, and at the same time, the pressing belt
30 is pressed toward the fixing belt 20 by the pressing pad 56.
The pressing pad 56 is pressed toward the fixing pad 53 in an
arrow G direction at predetermined pressure by a pressing
mechanism (not shown). The fixing belt 20 and the pressing
belt 30 are press-contacted to each other between the fixing
pad 53 and the pressing pad 56, so that the wide fixing nip 60
is formed with respect to the recording material conveyance
direction.

The fixing pad 53 includes a pad substrate and a slidable
sheet (low-friction sheet) 58 contacted to the fixing belt inner
surface. The pressing pad 56 includes a pad substrate and a
slidable sheet 59 contacted to the pressing belt inner surface.
This is because in the case where the belt base layer is formed
of'metal, there is a problem that an amount of abrasion (wear-
ing) of a portion of the pad sliding on the inner peripheral
surface of the belt is large. By interposing each of the slidable
sheets 58 and 59 between the belt and the pad substrate, the
abrasion of the pad can be prevented and it is also possible to
reduce sliding resistance, and therefore it is possible to ensure
a good belt travelling property and a good belt durability.

As a heating means for the fixing belt 20, a heating source
(induction heating member, exciting coil) of an electromag-
netic induction heating type having high energy efficiency is
employed. An induction heating member 57 as the heating
source is provided, with a slight gap, opposed to an outer
surface of an upper-side belt portion of the fixing belt 20.

The induction heating member 57 is constituted by an
induction coil 574, an exciting core 575 and a coil holder 57¢
for holding the coil and the core. The induction coil 57a is
wound in an elongated circular and flat shape by using Litz
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wire and is provided in the exciting core 576 formed in a
downward E shape projected to a central portion and end
portions of the induction coil 574. The exciting core is formed
by using a material, having high magnetic permeability and
low residual magnetic flux density, such as ferrite or permal-
loy, and therefore loss of the induction coil 574 and the
exciting core 57b can be suppressed, so that it is possible to
efficiently heat the fixing belt 20.

A fixing operation is as follows. A control circuit portion 63
drives a motor M at least during execution of image forma-
tion. Further, a high-frequency current is carried from an
exciting circuit 64 through the induction coil 574 of the induc-
tion heating member 57.

By driving the motor M, the fixing roller 52 is rotationally
driven. As a result, the fixing belt 20 is rotationally driven in
the same direction as the fixing roller 52. A peripheral speed
of'the fixing belt 20 is slightly slower than a conveyance speed
of the recording material (sheet) S conveyed from the image
forming portion in order to form a loop on the recording
material S in a recording material entrance side of the fixing
nip 60. In this embodiment, the peripheral speed of the fixing
belt 20 is 300 mm/sec, so that a full-color image can be
formed on an A4-sized sheet at a rate of 70 sheets/min.

The pressing belt 30 is rotated by the rotation of the fixing
belt 20 by a frictional force with the fixing belt 20 at the fixing
nip 60. Here, by employing a constitution in which a down-
streammost portion of the fixing nip 60 is conveyed by sand-
wiching the fixing belt 20 and the pressing belt 30 between the
roller pair 52 and 55, slip of the belt can be prevented. The
downstreammost portion of the fixing nip 60 is a portion
where a pressure distribution (with respect to the recording
material conveyance direction) at the fixing nip 60 is maxi-
mum.

the other hand, by passing the high-frequency current from
the exciting circuit 54 through the induction coil 57a of the
induction heating member 57, the metal layer of the fixing
belt 20 generates heat by induction heating, so that the fixing
belt 20 is heated. A surface temperature of the fixing belt 20 is
detected by a temperature detecting element 62 such as a
thermistor. A signal relating to the temperature of the fixing
belt 20 detected by the temperature detecting element 62 is
inputted into the control circuit portion 63. The control circuit
portion 63 controls electric power supplied from the exciting
circuit 64 to the induction coil 57a so that temperature infor-
mation inputted from the temperature detecting element 62 is
maintained at a predetermined fixing temperature, thus con-
trolling the temperature of the belt 20 at the predetermined
fixing temperature.

In a state in which the fixing belt 20 is rotationally driven
and is increased up to the predetermined fixing temperature to
be temperature-controlled, into the fixing nip 60 between the
fixing belt 20 and the pressing belt 30, the recording material
S on which the unfixed toner image t is carried is conveyed.
The recording material S is introduced with the surface,
toward the fixing belt 20, where the unfixed toner image t is
carried. Then, the recording material S is nipped and con-
veyed through the fixing nip 60 while intimately contacting
the outer peripheral surface of the fixing belt 20 at the unfixed
toner image carrying surface thereof, so that the recording
material S is supplied with heat and pressure from the fixing
belt 20, and thus the unfixed toner image t is fixed on the
surface of the recording material S.

Further, the fixing roller 32 in the fixing belt 20 in the
elastic roller having the rubber layer, and the pressing roller
55 in the pressing belt 30 is the iron alloy-made rigid roller,
and therefore a degree of deformation of the fixing roller 52 is
large at an exit of the fixing nip 60 between the fixing belt 20
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and the pressing belt 30. As a result, also the fixing belt 20 is
larger deformed, so that the recording material S on which the
fixed toner image is carried is curvature-separated from the
fixing belt 20 by its own resilience. At the fixing nip exit, a
separation assisting claw member 61 is provided.

(3) Fixing Belt 20

Part (a) of FIG. 2 is schematic sectional view showing a
layer structure of the fixing belt 20 as the fixing member in
this embodiment, and (b) of FIG. 2 is a schematic view for
illustrating a manner of lamination of constituent layers. The
fixing belt 20 includes a base material (cylindrical substrate)
21, an inner surface slidable layer 25 provided on an inner
peripheral surface of the base material 21, a primer layer
(adhesive layer) 26 with which an outer peripheral surface of
the base material 21 is coated, an elastic (cylindrical elastic
material) 22 provided on the primer layer 26, and a resin tube,
e.g., a fluorine-containing resin tube in this embodiment, as a
surface layer (toner parting layer 24). The resin tube 24 is
fixed by an adhesive layer 23 onto the peripheral surface of
the elastic layer 22.

The fixing belt 20 in this embodiment is a laminated com-
posite layer member having the above-mentioned 6 layers,
and is a thin fixing member having flexibility as a whole and
low thermal capacity. Further, the fixing belt 20 holds a sub-
stantially cylindrical shape in a free state thereof. The respec-
tive constituent layers will be specifically described below.
(3-1) Base Material 21

In this embodiment, in order to heat the base material 21 by
the above-described induction heating member 57, the base
material 21 for the fixing belt 20 is formed in a metal layer of
SUS alloy, nickel, iron, magnetic stainless steel, cobalt-nickel
alloy, or the like. In this embodiment, an electroformed nickel
beltof 55 mm in inner diameter and 65 pum in thickness is used
as the base material 21.

The thickness of the base material 21 may preferably be
1-300 pm. When the thickness of the base material 21 is
smaller than 1 pm, rigidity is low, and therefore it becomes
difficult to withstand a durability test of a large number of
sheets. Further, when the thickness of the base material 21
exceeds 300 pm, the rigidity becomes excessively high, and
flexing resistance is lowered, so that use of the resultant belt
as the rotatable belt member is not practical. In an preferred
embodiment, the thickness of the base material 21 is ideal that
it is 20 um to 100 pum.

(3-2) Inner Surface Slidable Layer 25

As a material for the inner surface slidable layer 25, a resin
material, such as polyimide resin, having high durability and
high heat resistance is suitable. In this embodiment, a poly-
imide precursor solution obtained by reaction, in an organic
polar solvent, of aromatic tetracarboxylic dianhydride or its
derivative with aromatic diamine in a substantially equimo-
lecular amount was applied onto the inner surface of the base
material 21. Thereafter, the solution was dried and heated to
form a polyimide resin layer by dewatering cyclization reac-
tion, thus preparing the inner surface slidable layer 25.

(3-3) Elastic Layer 22

Over the outer peripheral surface of the base material 21,
the elastic layer 22 is provided via the primer layer 26. As a
material for the elastic layer 22, a known elastic material can
be used. For example, silicone rubber, fluorine-containing
rubber and the like can be used.

The thickness of the elastic layer 22 may preferably be 100
um or more in order to prevent uneven glossiness caused due
to unevenness of the recording material S or failure that the
heating surface of the fixing belt cannot follow the uneven-
ness in the case where an image is printed.
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When the thickness of the elastic layer 22 is less than 100
um, a function of the elastic layer 22 as an elastic member
cannot be readily achieved, and therefore a pressure distribu-
tion during fixing becomes non-uniform, so that particularly
during full-color image fixing, an unfixed toner (image) of a
secondary color cannot be sufficiently heat-fixed to cause
non-uniformity of gloss on a fixed image. Further, due to
insufficient melting, a color-mixing property of the toner is
lowered, so that a high-definition full-color image cannot be
obtained, thus being unpreferable. In this embodiment, sili-
cone rubber is used as the material for the elastic layer 22, and
the elastic layer 22 is 6 degrees in JIS-A hardness, 0.8 W/mk
in thermal conductivity and 450 um in thickness.

A coating method of the elastic layer 22 will be described
with reference to FIG. 5.

FIG. 5 shows an example of a coating step of forming the
silicone rubber layer as the elastic layer 22 by a coating
device, and is a schematic view for illustrating a method using
a so-called ring-coating (method).

In this embodiment, the addition curing type silicone rub-
ber composition in which the addition curing type silicone
rubber and the filler are mixed is charged into a cylinder pump
41. Then, the composition is pressured-fed from the cylindri-
cal pump 41 to a ring-shaped coating head 42, so that the
addition curing type silicone rubber composition is applied
onto the peripheral surface of the cylindrical substrate 21 (25,
21, 26) from a coating liquid supply nozzle (not shown)
provided inside the ring-shaped coating head 42. The periph-
eral surface of the cylindrical substrate 21 has been subjected
to primer treatment in advance by a known method.

The coating head 42 is held by a fixed coating head holding
portion 43. The cylinder pump 41 is driven by a motor M1 to
press-feed the addition curing type silicone rubber composi-
tion to the coating head 43 via a tube 44.

The cylindrical substrate 21 (exactly the structure consist-
ing of the layers 25, 21, 26, 22, 23 and 24) is externally fitted
and held around a cylindrical core metal held by a core metal
holding tool (fixture) 45. The core metal holding tool 45 is
held by a coating table 46 so that an axis thereof'is horizontal,
and thus is horizontally movable. The ring-shaped coating
head 42 is coaxially and externally fitted around the cylindri-
cal substrate 205. The coating table 46 is reciprocated in a
horizontal axis direction of the core metal holding tool 45 at
a predetermined speed by a motor M2.

Simultaneously with the coating by the coating head 42, by
moving (reciprocating) the cylindrical substrate 21 in a right
direction in FIG. 5, a coated film (layer) 22a of the addition
curing type silicone rubber composition can be cylindrically
formed on the peripheral surface of the cylindrical substrate
21.

A thickness of the coated film 22a can be controlled by a
clearance between the coating liquid supply nozzle and the
cylindrical substrate 21, a supplying (feeding) speed of the
silicone rubber composition, a moving speed of the cylindri-
cal substrate 21, and the like.

The addition curing type silicone rubber composition layer
22b formed on primer layer 26 (formed on the cylindrical
substrate 21) is heated for a certain time by a heating means
such as electric furnace to cause crosslinking reaction, so that
the silicone rubber elastic layer 22 can be formed. In this
embodiment, the silicone rubber composition layer 22a was
heated at 200° C. for 30 minutes in the electric furnace.
(3-4) Adhesive Layer 23

The adhesive layer 23 for fixing the fluorine-containing
resin tube as the surface layer 24 over the cured silicone
rubber layer as the elastic layer 22 is uniformly applied in a
thickness of 1-10 pm onto the surface of the elastic layer 204
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(an adhesive coating step in which the outer peripheral sur-
face of the elastic layer is coated with the adhesive). In this
embodiment, the adhesive 23 is constituted by a cured mate-
rial of an addition curing type silicone rubber adhesive. The
addition curing type silicone rubber adhesive 23 contains an
addition curing type silicone rubber in which a self-adhesive
component is mixed.

Specifically, the addition curing type silicone rubber adhe-
sive 23 contains organopolysiloxane having unsaturated
hydrocarbon group represented by vinyl group, hydrogen
organopolysiloxane, and a platinum compound as a
crosslinking catalyst. The adhesive 20e¢ is cured (hardened)
by addition reaction. As such an adhesive 20e, a known adhe-
sive can be used.

In this embodiment, the layer of the adhesive in an uncured
state of liquid or paste was uniformly applied in a thickness of
about 5 um.

(3-5) Fluorine-Containing Resin Tube 24

As the surface layer of the fixing member, from the view-
points of a molding property and a toner parting property, a
fluorine-containing resin tube 24 as the resin tube obtained by
extrusion molding is used.

As the fluorine-containing resin material, a tetrafluoroeth-
ylene/perfluoroalkylvinyl ether copolymer (PFA) excellent in
heat resistance is suitably used (PFA tube).

The PFA tube used is formed by the extrusion molding. A
type of copolymerization of a starting material for PFA is not
limited particularly but may include, e.g., random copolymer-
ization, block copolymerization, graft copolymerization, and
the like.

Further, a content molar ratio between tetrafluoroethylene
(TFE) and perfluoroalkylvinyl ether (PAVE) which are the
starting material for PFA is not limited particularly. For
example, the content molar ratio of TFE/PAVE may suitably
be 94/6 to 99/1.

As other fluorine-containing resin materials, it is possible
to use tetrafluoroethylene/hexafluoropropylene copolymer
(FEP), polytetrafluoroethylene (PTFE), ethylene/tetrafluoro-
ethylene copolymer (ETFE), polychlorotrifluoroethylene
(PCTFE), ethylene/chlorotrifluoroethylene  copolymer
(ECTFE), polyvinylidene fluoride (PVDF), and the like.
These fluorine-containing resin materials can be used singly
or in combination of two or more species.

Inthis embodiment, the PFA tube obtained by the extrusion
molding was used. A thickness of the rube was 50 pm. An
inner diameter of the tube was smaller than an outer diameter
of'the elastic layer 22, and was 52 mm. An inner surface of the
rube has been subjected to the ammonia treatment in order to
improve the adhesive property.

(3-6) Fluorine-Containing Resin Tube Coating Step

In this embodiment, a method in which the PFA tube 24 as
the surface layer is expanded and the adhesive layers 23 is
coated with the PFA tube 24 (expansion coating method in a
step in which the cylindrical elastic layer 22 coated with the
adhesive 23 is coated with the fluorine-containing resin tube
24) was used. FIG. 6 is a schematic view showing an outer
appearance of a device (apparatus) for coating the base mate-
rial 21, on which the silicone rubber layer 22 is laminated,
with the PFA tube 24 by the expansion coating method. In this
device, on a core N ((b) of FIG. 2), a base material W (25, 21,
26, 22, 23) is set, and then the base material W is coated with
the PFA tube 24 disposed at an inner surface of a tube expan-
sion mold K in accordance with the expansion coating
method. Flow of the expansion coating method will be
described with reference to FIG. 7.
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(a) Tube Insertion

The PFA tube 24 is disposed, by using an externally fitting
mechanism, inside (inserted into) a metal-made tube expan-
sion mold K having an inner diameter larger than an outer
diameter of a base material W ((b) of FIG. 2) including the
silicone rubber layer as the elastic layer 22.

(b) Holding at End Portions

The PFA tube 24 disposed inside the expansion mold K is
held (gripped) by holding members (holding tools or gripping
tools) Fu and F1 at end portions. Specifically, the tube 24 is
held at a longitudinal end portion by the holding member Fu
and the other longitudinal end portion by the holding member
FL
(c) Vacuum Expansion

Next, by a moving mechanism (shortening mechanism),
the PFA tube is shortened (flexed) by a predetermined length
obtained in advance with respect to a longitudinal direction.
Specifically, the moving mechanism moves the holding mem-
bers Fu and F1 in a PFA holding state, toward each other so
that a distance between the two holding members Fu and F1
are decreased by a predetermined amount.

Thereafter, a portion of a gap (spacing) between the outer
surface of the PFA tube 24 and the inner surface of the
expansion mold K is placed in a vacuum state (state of nega-
tive pressure relative to ambient pressure. In the vacuum state
(5 kPa), the PFA tube 24 is expanded, so that the outer surface
of'the PFA tube 24 intimately contacts the inner surface of the
expansion mold K.

(d) Insertion of Base Material W

On a core N, the base material W (25, 21, 26, 22, 23) is set
(externally fitted) by the externally fitting mechanism, and
then the resultant structure is inserted into the expansion mold
K inside which the PFA tube 24 is expanded. The surface of
the silicone rubber layer 22 is uniformly applied (coated) with
the layer 23 of the addition curing type silicone rubber adhe-
sive, in the uncured state of liquid or paste, in advance.

The inner diameter of the expansion mold K is not limited
particularly when the inner diameter is in a range in which the
insertion of the base material W is smoothly performed.

(e) Vacuum Elimination and Elongation

After the base material W is disposed in the expansion
mold K, the vacuum state (state of the negative pressure
relative to the ambient pressure) in which the gap portion
between the outer surface of the PFA tube 24 and the inner
surface of the expansion mold K is eliminated (removed). By
eliminating the vacuum state, the increased diameter of the
PFA tube 24 is decreased to a diameter which is the same as
the outer diameter of the base material W including the sili-
cone rubber layer 23, so that the PFA tube 24 and the surface
of the silicone rubber layer 22 are placed in a state in which
the surfaces thereof are intimately contacted to via the adhe-
sive layer 23.

Next, the PFA tube 24 is elongated to a predetermined
elongation (percentage) by an elongation mechanism (fluo-
rine-containing resin tube elongation in longitudinal direc-
tion). Specifically, the elongating mechanism moves the hold-
ing members Fu and F1 in the PFA tube holding state, away
from each other so that the distance between the holding
members Fu and F1is increased by a position distance.

When the PFA tube 24 is elongated, the addition curing
type silicone rubber adhesive 23 disposed between the PFA
resin tube 24 and the silicone rubber layer 22 performs the
function of a lubricant, so that the PFA tube 24 can be
smoothly elongated.

The longitudinal elongation of the PFA tube in this
embodiment was 6% (on the basis of a full length of the
fluorine-containing resin tube with which the cylindrical elas-
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tic layer is coated). By elongating the PFA tube 24 in the
longitudinal direction, the PFA tube 24 does not readily gen-
erate creases thereon, so that the fixing belt having high
durability is obtained.

The above-described steps (a) to (e) constitute a fluorine-
containing resin (material) coating step.

(1) Calking Step (Temporary Fixing Step) Between Elastic
Layer 22 and Fluorine-Containing Resin Tube 24

In this step, the elastic layer 22 and the PFA tube 24 are
bonded (temporarily fixed) at longitudinal end portions in
parallel in order to maintain the longitudinal elongation of the
PFA tube 24 and also in order to prevent the PFA tube 24 from
contracting in the longitudinal direction in a heating step (h)
described later. The PFA tube 24 is heated at the longitudinal
end portions (to be cut away in later step) thereof by a calking
bit (heating mechanism) in which a heater is incorporated, so
that the elastic layer 22 and the PFA tube 24 are locally
bonded by the addition curing type silicone rubber adhesive
23. A caulking portion (temporary fixing portion) of at least
the longitudinal end portion of the PFA tube 24 is constituted
such that a plurality of portions where the elastic layer 22 is to
be bonded and a plurality of portions where the elastic layer
22 is not bonded are alternately provided.

(g) Squeezing Step

Between the elastic layer 22 and the PFA tube 24, the
excessive addition curing type silicone rubber adhesive 23
which does not contribute to the bonding and the air taken
(included) during the tube coating are present. When the
fixing belt 20 is prepared while leaving the excessive adhesive
and the air between the elastic layer 22 and the PFA tube 24,
the residual adhesive (and the air) portion is increased in
thickness and is changed in thermal conductivity, thus caus-
ing image defect. This step is a step of squeezing (removing)
the excessive adhesive and the air by a squeezing mechanism.

Although details will be described later in (3-7), the base
material W coated with the PFA tube 24 (i.e., a tube-coated
member) is taken out from the expansion mold K. Then,
during a normal operation, the squeezing mechanism R hav-
ing an inner diameter slightly larger than an outer diameter of
the base material W is externally engaged with the PFA tube
24 with which the base material W is coated. Then, the
squeezing mechanism R is moved from an upper end portion
(one end portion) to a lower end portion (another end portion)
of the PFA tube with which the base material W is coated, in
the longitudinal direction (axial direction) of the tube. The
squeezing mechanism R is moved while jetting the air (at air
pressure of 0.5 MPa) from the squeezing mechanism R
toward the surface of the PFA tube 24 in a direction perpen-
dicular to the circumferential direction of the PFA tube 24.

As a result, the excessive addition curing type silicone
rubber adhesive 23, which does not contribute to the bonding,
and the air taken during the tube coating which are present
between the elastic layer 22 and the PFA tube 24 are squeezed
out (removed) (step of squeezing the excessive adhesive
between the base material and the tube).

(h) Heating (Treatment)

After the squeezing step, by effecting heating (at 150° C.
for 20 minutes in the electric furnace as the heating mecha-
nism), the addition curing type silicone rubber adhesive 23 is
cured as a whole. As a result, the PFA tube 24 and the elastic
layer 22 are fixed over the entire region via the cured adhesive
23 (adhesive curing step).

(1) Cut and Abrasion

After the heating, the base material W (25, 21, 26, 22, 23,
24)is cut in a predetermined length by a cutting mechanism at
end portions thereof. Specifically, the cutting mechanism cuts
the base material W so that the longitudinal end portions of
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the resin tube, i.e., regions where the elastic layer 22 and the
PFA tube 24 are temporarily fixed are cut away from the base
material W. Thereafter, the cut surface was abraded, so that
the fixing belt 20 was completed.

By such a series of manufacturing steps, a manufacturing
process of the fixing belt 20 is completed.

The base material 21 having a length of 420 mm was used,

and a position where the coating of the base material 21 with
the silicone rubber layer as the elastic layer 22 was started was
about 8 mm from the edge of the base material 21. Further, a
position where the coating of the base material 21 with the
silicone rubber layer as the elastic layer 22 was ended was
about 8 mm from the other edge, opposite from the edge in the
coating start side, of the base material 21. The cutting position
is 25 mm from each of the edges of the base material 21. An
abrasion amount is 1 mm. Therefore, a range of 184 mm from
the (longitudinal) center of the base material 21 toward each
of longitudinal ends of the base material 21 is used for the
fixing belt 20. This range is referred to as a product region. A
region other than the product region is referred to as an
out-of-product region.
(3-7) Method of Squeezing Adhesive 23 Between Elastic
Layer 22 and Fluorine-Containing Resin Tube 24 and Air
Taken During Fluorine-Containing Resin Tube Coating in
This Embodiment (Squeezing Step)

Between the elastic layer 22 and the PFA tube 24, an
excessive addition curing type silicone rubber adhesive 23,
which does not contribute to the bonding and the air taken
when the elastic layer 22 is coated with the PFA tube 24 are
present (located). A method for squeezing out the excessive
adhesive and the air will be described with reference to FIG.
1.

The squeezing mechanism R has, at room temperature, an
inner diameter which is about 2.2 mm larger than an outer
diameter of the base material W (including the PFA tube
externally fitted around the elastic layer 22) coated with the
PFA tube 24. The squeezing mechanism R includes therein an
O-ring O (also referred to as a squeezing ring) which is the
ring(-like) member having the inner diameter (bore) which is
about 1 mm larger than the outer diameter of the base material
W coated with the PFA tube 24 (in room-temperature state).
A mechanism for applying air pressure (pneumatic pressure
as air applying mechanism) to the O-ring O by an air supply-
ing mechanism (air pump) is employed (step of applying
pressure to the squeezing ring).

As described above, the squeezing mechanism R including
the O-ring O inside thereof’is externally fitted around the base
material W, coated with the PFA tube 24, at an upper end
portion (in one end side of the tube-coated member (W and
24). That is, the O-ring O is positioned so as to overlap with
the base material W, coated with the PFA tube 24, at the upper
end portion (longitudinal end portion of the tube-coated
member). Then, air pressure (0.5 MPa) is applied. As a result,
the inner diameter of the O-ring O is decreased (i.e., con-
tracted by air pressure).

That is, the squeezing ring has the bore (inner diameter)
larger than the outer diameter of the tube-coated member (W
and 24) during a normal state (in which no air pressure is
applied). Then, by applying the pressure to the squeezing
ring, the bore of the squeezing ring is decreased, so that the
O-ring O is pressed against the PFA tube 24 over the entire
outer peripheral surface of the PFA tube 24.

In a state in which the O-ring O is pressed against the PFA
tube 24, the squeezing mechanism R is moved in the longi-
tudinal direction (axial direction) of the PFA tube. As aresult,
the excessive addition curing type product region adhesive 23
and the air, taken (included) during the coating with the PFA
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tube 24, which are located between the elastic layer 22 and the
PFA tube 24, one squeezed out (i.e., the adhesive interposed
between the base material and the tube is squeezed).

When the squeezing mechanism R is moved in the longi-
tudinal direction of the PFA tube 24, in the case where slip is
not good, the squeezing mechanism R may also be moved
after silicone oil or the like is applied onto the surface of the
PFA tube 24.

A structure of the squeezing mechanism R will be
described with reference to FIG. 8. FIG. 8 includes a plan
view and a cross-sectional view. The squeezing mechanism R
includes an upper part Ru and a lower part R1 which sandwich
the O-ring O. As a material for the upper part Ruand the lower
part Rl, in consideration of durability, SUS 304 (stainless
steel) was used.

As the O-ring O, a rubber ring (“CO0054”, manufactured
by NOK Corp.) which is an elastic member of 57.6 mm in
inner diameter and 5.7 mm in thickness was used. The upper
part Ru is provided with air supply ports Ril and Ri2 which
have a structure such that when the air is supplied from an air
supplying mechanism, the O-ring O is pressed toward the
inside. When the pressure is applied from the outside of the
O-ring O by air pressure, the O-ring O is pressed inward, but
the base material W coated with the PFA tube 24 is disposed
inside the O-ring O during the squeezing, and thus functions
as a wall. Therefore, the O-ring O is prevented from being
disengaged with the squeezing mechanism R.

Further, the PFA tube 24 is disposed inside the O-ring O,
and therefore is liable to elongate vertically correspondingly
to adegree of contraction by the air pressure pressing from the
outside. For that reason, the O-ring O is pressed against the
upper part Ru and the lower part Rl, so that the air does not
readily leak out. When the air supply is stopped (i.e., when the
pressure is returned to the ambient pressure), the size of the
O-ring O is restored to the original size by a restoring force
(elastic force) of the O-ring O.

Further, in order to restore the size of the O-ring O to the
original size with reliability, suction (negative pressure) may
also be performed through the air supply ports Ril and Ri2
(step of applying the negative pressure to the squeezing ring).

A positional relationship between the O-ring O and the
PFA tube 24 under no application of the air pressure will be
described with reference to FIG. 9. FIG. 9 is a schematic view
when the base material W is vertically cut along the longitu-
dinal direction thereof.

When the air pressure is not applied, the inner diameter is
the original diameter (size) (which is about 1 mm larger than
the outer diameter of the base material W coated with the PFA
tube 24), and is sandwiched between the upper part Ru and the
lower part R1. The surface of the PFA tube 24 and the O-ring
O are in non-contact with each other. The surface of the PFA
tube 24 and the O-ring O are spaced by about 0.5 mm. There-
fore, the squeezing mechanism R can be easily positioned at
(externally fitted over) the upper end portion (longitudinal
end side) of the base material W coated with the PFA tube 24.

In this embodiment, as described above, a constitution in
which the O-ring O is contracted by using the air pressure is
employed, and therefore by adjusting (increasing and
decreasing) the air pressure, the constitution can quickly meet
even the case where the outer diameter of an object to be
closely contacted to the O-ring O (i.e., the outer diameter of
the resin tube in a state in which the resin tube is externally
fitted around the elastic layer).

A method, in this embodiment, in which the adhesive inter-
posed between the elastic layer 22 and the fluorine-containing
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resin tube 24 and the air taken during the fluorine-containing
resin tube coating and squeezed will be described with refer-
ence to (a) to (d) of FIG. 10.

(a) The squeezing mechanism R is positioned at a longitu-
dinal end portion of the base material W coated with the PFA
tube 24. At this time, no air pressure is applied to the O-ring
O. Then, the squeezing mechanism R is moved from the
longitudinal end portion to another longitudinal end portion
of the PFA tube 24.

(b) At the time before the O-ring O overlaps with a product
region (at the position of 2 mm in front of the product region),
the air pressure (0.5 MPa) is applied, so that the O-ring O is
closely (intimately) contacted to the outer peripheral surface
of'the PFA tube 24. Thereafter, the squeezing mechanism R is
also continuously moved toward another longitudinal end
portion of the PFA tube 24. As a result, the excessive addition
curing type silicone rubber adhesive 23 interposed between
the elastic layer 22 and the PFA tube 24 and the air taken
during the coating with the PFA tube 24 are gradually
squeezed.

(¢) During passing of the O-ring O through the product
region, the squeezing mechanism R is moved toward another
longitudinal end portion of the PFA tube 24 while maintain-
ing a state of application of the air pressure (0.5 MPa).

(d) When the O-ring O reaches a position outside the prod-
uct region (position of about 5 mm, in an out-of-product
region, from the product region), the air pressure is eliminated
(i.e., the pressure is returned to the ambient pressure). In other
words, the pressure application to the squeezing ring is
stopped, and then the bore of the squeezing ring is restored to
the original bore. As aresult, the squeezed adhesive 23 and the
squeezed air are left in the out-of-product region (in another
longitudinal end side of the base material W). Thereafter, the
squeezing mechanism R is disengaged by a moving mecha-
nism (disengaging mechanism W coated with the PFA tube
24 (i.e., the squeezing R is disengaged from the outer periph-
eral surface of the tube-coated member).

Thereafter, as shown in the above-described steps (h) and
(1) of FIG. 7, the base material W coated with the PFA tube 24
was heated, cut and abraded, so that the fixing belt 20 was
completed.

Although 100 fixing belts 20 were completed (prepared) by
the method in this embodiment, there was no occurrence of a
phenomenon that the squeezed adhesive 23 was adhered to
the member (core) N ((b) of FIG. 2) holding the base material
W. Further, the prepared 100 fixing belts 20 were checked
with respect to another appearance, but a defective portion
where squeezing non-uniformity or the like was generated
was not observed. By using the fixing belt 20 manufactured in
this embodiment, when a solid image was outputted in an
OHP sheet (a transparent resin sheet for an overhead projec-
tor), image defect was not generated.

(4) Comparison Example

In Comparison example, as the squeezing method, the
above-described squeezing method described in JP-A 2005-
238765 is used. By using this method, the fixing belt 20 was
prepared.

A difference between Embodiment 1 and Comparison
example is only that ring members used in the squeezing step
are different from each other. In this embodiment, as the ring
member, the squeezing mechanism R was used in the squeez-
ing step, but in Comparison example, a squeezing mechanism
R2 wasused. The squeezing mechanism R2 will be described
with reference to FIG. 11. FIG. 11 shows a cross-section of
the squeezing mechanism R2.

The air is supplied from an unshown supplying mechanism
toward the squeezing mechanism R2 at air pressure of 0.5
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MPa, and then is jetted from an air jetting port Ro through an
air supply port Ri and an air passage Rr. The squeezing
mechanism R2 is moved in the longitudinal direction of the
PFA tube 24 while jetting the air through the air jetting port
Ro. As a material for the squeezing mechanism R2, in con-
sideration of durability, SUS 304 (stainless steel) was used. In
the neighborhood of the air jetting port Ro, the PFA tube 24
and the squeezing mechanism R2 are close to each other.

The air pressure is, based on the law of fluid mechanics
(dynamics), lowered with an increased gap between the PFA
tube 24 and the squeezing mechanism R2. That is, squeezing
power is improved with a closer state between the surface of
the PFA tube 24 and the squeezing mechanism R2. However,
manufacturing variations are generated with respect to the
PFA tube 24 and the elastic layer 22, and therefore when the
surface of the PFA tube 24 and the squeezing mechanism R2
are excessively close to each other, those members are in
contact with each other, so that the surface of the PFA tube 24
is damaged to cause image defect.

In Comparison example, in consideration of manufactur-
ing variations of the PFA tube 24, the elastic layer 22 and the
like, there was a need to ensure the gap of about 0.6 mm, in a
closest position, between the PFA tube 24 and the squeezing
mechanism R2. Further, there is a need to convey the exces-
sive adhesive or the like in a movement direction of the
squeezing mechanism R2, and therefore the gap is increased
along the movement direction to increase an air amount, so
that the squeezed adhesive and the like are conveyed.

A method, in Comparison example, in which the adhesive
interposed between the elastic layer 22 and the fluorine-
containing resin tube 24 and the air taken during the fluorine-
containing resin tube coating and squeezed was the same as in
this embodiment (Embodiment 1), and will be described with
reference to (a) to (d) of FIG. 10.

(a) The squeezing mechanism R2 is positioned at a longi-
tudinal end portion of the base material W coated with the
PFA tube 24. At this time, no air pressure is applied to the
squeezing mechanism R2. Then, the squeezing mechanism
R2 is moved in the longitudinal direction of the PFA tube 24.

(b) At the time before the squeezing mechanism R2 enters
a product region (at the position of 2 mm in front of the
product region), the air (air pressure: 0.5 MPa) is supplied.
Thereafter, the squeezing mechanism R2 is also continuously
moved toward another longitudinal end portion of the PFA
tube 24. As a result, the excessive addition curing type sili-
cone rubber adhesive 23 interposed between the elastic layer
22 and the PFA tube 24 and the air taken during the coating
with the PFA tube 24 are squeezed.

(c) During passing of the squeezing mechanism R2
through the product region, the air (air pressure: 0.5 MPa) is
continuously supplied, and the squeezing mechanism R2 is
moved toward another longitudinal end portion of the PFA
tube 24.

(d) When the squeezing mechanism R2 reaches a position
outside the product region (position of about 5 mm, in an
out-of-product region, from the product region), the air sup-
ply is stopped, and then the squeezed adhesive 23 and the
squeezed air are left in the out-of-product region. Thereafter,
the squeezing mechanism R2 is disengaged from the base
material W coated with the PFA tube 24.

Thereafter, the base material W coated with the PFA tube
24 was heated, cut and abraded, so that the fixing belt 20 was
completed.

Although 100 fixing belts 20 were completed (prepared) by
the method in Comparison example, there was no occurrence
of a phenomenon that the squeezed adhesive 23 was adhered
to the member (core) holding the base material W. However,

20

25

40

45

55

60

16

when the prepared 100 fixing belts 20 were checked with
respectto another appearance, there were 12 fixing belts 20 in
which a portion where the adhesive 23 was partly left in a
large amount (squeezing non-uniformity) between the elastic
layer 22 and the PFA tube 24 was found. When the fixing belt
20 which had caused the squeezing non-uniformity was used
to output a solid image on the CHP sheet, image defect such
that the squeezing non-uniformity is transferred onto the
image was generated.

(5) Influence of Difference in Squeezing Method

The fixing belt 20 manufactured in this embodiment did not
cause defects with respect to the outer appearance and the
output image, but the fixing belt 20 manufactured in Com-
parison example partly caused the defects with respect to the
outer appearance and the output image.

In this embodiment, when the excessive adhesive 23 and
the air are squeezed out, the PFA tube 24 and the O-ring O are
in contact with each other, and therefore a strong squeezing
force can be applied. Further, even when there are manufac-
turing variations of the PFA tube 24 and the elastic layer 22
and thus the outer diameter of the base material W coated with
the PFA tube 24 is changed, the inner diameter of the O-ring
O s changed so as to fit the outer diameter of the base material
W, and therefore the squeezing force is always maintained
properly.

In Comparison example, due to the manufacturing varia-
tions of the PFA tube 24 and the elastic layer 22, when the
outer diameter of the base material W coated with the PFA
tube 24 is changed, the gap between the squeezing mecha-
nism R2 and the surface of the PFA tube 24 is changed. When
the gap is increased, the squeezing force is decreased, and
therefore it would be considered that the excessive adhesive
23 and the air cannot be squeezed to generate the squeezing
non-uniformity.

From the above result, in this embodiment, it was under-
stood that a defective production rate was able to be lowered
compared with Comparison example. In this embodiment,
the bore of the squeezing ring can be decreased by using the
squeezing ring having the bore (inner diameter) larger than
the outer diameter of the member coated with the resin tube
24 and then by applying the pressure to the squeezing ring.

Further, in the product region (portion to be used later for
the roller or the belt), the pressure is applied to the squeezing
ring to decrease the bore of the ring, and then the squeezing
ring is moved in the longitudinal direction of the resin tube
while being brought into close contact with the outer periph-
eral surface of the resin tube, thus squeezing the adhesive. In
the out-of-product region (portion to be cut in the later step),
the pressure applied to the squeezing ring is eliminated to
restore the bore of the squeezing ring to the original bore, so
that the squeezing ring is placed in a non-contact state with
the resin tube. For that reason, the squeezing of the adhesive
is stopped, and thus the adhesive squeezed from the product
region remains in the out-of-product region portion, so that
the fixing belt can be manufactured without contaminating
the member, which holds a member to be inserted (integrated
member between the elastic material and the resin tube).
[Embodiment 2]

Embodiment 2 will be described. Constituent elements
(members) identical in constitution to those in Embodiment 1
are represented by the same reference numerals or symbols as
those in Embodiment 1 and will be omitted from detailed
description. In this embodiment, the fixing belt manufactur-
ing method in Embodiment 1 is applied to a pressing belt
manufacturing method.
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(1) Pressing Belt 30

In this embodiment, with respect to also a layer structure of
the pressing belt 30, as the other fixing member of the fixing
device, the same layer structure as that of the fixing belt 20
was employed. That is, similarly as in the layer structure of
the fixing belt 20 shown in FIG. 2. The layer structure of the
pressing belt 30 includes the base material 21, the elastic layer
22, the adhesive layer 23, the fluorine-containing resin tube
24 and the like. However, each of the base material 21, the
elastic layer 22 and the fluorine-containing resin tube 24 is
changed to a layer formed of an optimum material or member
as that for the pressing belt 30.

(1-1) Base Material 21

As the base material 21 for the pressing belt 30, in this
embodiment, an electroformed nickel belt of 55 mm in inner
diameter and 50 pm in thickness is used. Similarly as in the
fixing belt 20, the thickness of the base material 21 may
preferably be 1-300 pm. When the thickness of the base
material 21 is smaller than 1 pm, rigidity is low, and therefore
it becomes difficult to withstand a durability test of a large
number of sheets. Further, when the thickness of the base
material 21 exceeds 300 um, the rigidity becomes excessively
high, and flexing resistance is lowered, so that use of the
resultant belt as the rotatable belt member is not practical.
(1-2) Elastic Layer 22 and Manufacturing Method of Elastic
Layer 22

Over the outer peripheral surface of the base material 21,
the elastic layer 22 is provided via the primer layer 26. As a
material for the elastic layer 22, a known elastic material can
be used. For example, silicone rubber, fluorine-containing
rubber and the like can be used. In this embodiment, silicone
rubber is used as the material for the elastic layer 22, and the
elastic layer 22 is 21 degrees in JIS-A hardness, 0.4 W/mk in
thermal conductivity and 350 um in thickness. As a coating
method, similarly as in Embodiment 1, the so-called ring
coating (method) was used.

In this embodiment, differences from Embodiment 1 in the
step of forming the silicone rubber longitudinal 22 are as
follows. That is, the differences are only the addition curing
type silicone rubber composition, in which the addition cur-
ing type silicone rubber and the filler are mixed, charged into
the cylinder pump 41 (FIG. 5), and a speed of movement of
the base material 21 to be moved in the right direction in FI1G.
5 at the certain speed simultaneously with the application
(coating).

(1-3) Adhesive Layer 23

The adhesive layer 23 in this embodiment is the same as
that in Embodiment 1.

(1-4) Fluorine-Containing Resin Tube 24 and Fluorine-Con-
taining Resin Tube Coating Method

In this embodiment, the PFA tube 24 obtained by the extru-
sion molding was used. A thickness of the rube was 30 um. An
inner diameter of the tube was smaller than an outer diameter
of'the elastic layer 22, and was 54 mm. An inner surface of the
rube has been subjected to the ammonia treatment in order to
improve the adhesive property. Further, the PFA tube 24 used
in this embodiment was of a heat contraction type (in which
the full length contracted by 3% when the PFA tube 24 was
heated at 150° C. for 20 minutes). At the coating method,
similarly as in Embodiment 1, the so-called expansion coat-
ing method was used.

In this embodiment, a difference from Embodiment 1 in
fluorine-containing resin tube 24 coating step is only that a
heat contraction type PFA tube 24 is used and the longitudinal
elongation is changed to 3%.

(1-5) Caulking Step of Elastic Layer 22 and Fluorine-Con-
taining Resin Tube 24
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The caulking step in this embodiment is the same as that in
Embodiment 1.

(1-6) Squeezing Step

Although details will be described later, the squeezing step
in this embodiment is the same as that in Embodiment 1
except that a squeezing mechanism R3 in which a nitrile
rubber sheet (thickness: 1 mm) is applied in place of the
O-ring O of the squeezing mechanism R in Embodiment 1.
(1-7) Heating, Cut and Abrasion

In this embodiment, the respective steps consisting of the
heating, and the cut and abrasion are the same as those in
Embodiment 1.

The base material 21 having a length of 420 mm was used,

and a position where the coating of the base material 21 with
the silicone rubber layer as the elastic layer 22 was started was
about 8 mm from the edge of the base material 21. Further, a
position where the coating of the base material 21 with the
silicone rubber layer as the elastic layer 22 was ended was
about 8 mm from the other edge, opposite from the edge in the
coating start side, of the base material 21. The cutting position
is 35 mm from each of the edges of the base material 21. An
abrasion amount is 1 mm. Therefore, a range of 174 mm from
the (longitudinal) center of the base material 21 toward each
of longitudinal ends of the base material 21 is used for the
pressing belt 30. This range is referred to as a product region.
A region other than the product region is referred to as an
out-of-product region.
(2) Method of Squeezing Adhesive 23 Between Elastic Layer
22 And Fluorine-Containing Resin Tube 24 and Air Taken
During Fluorine-Containing Resin Tube Coating in This
Embodiment (Squeezing Step)

In this embodiment, the squeezing step is the same as that
in Embodiment 1 except that the squeezing mechanism R3 is
used in place of the squeezing mechanism R in Embodiment
1. With reference to FIG. 12, the squeezing mechanism R3
will be described. FIG. 12 is a sectional view of the squeezing
mechanism R3. Inside the squeezing mechanism R in
Embodiment 1, the O-ring O is sandwiched, but in the squeez-
ing mechanism R3, a film F (in which the squeezing ring
expands and contracts) formed with the nitrile rubber sheet (1
mm-thick elastic member) is applied onto an inner peripheral
surface, in place of the O-ring O.

When the air pressure (0.5 MPa) is applied, the film F
expands, so that the squeezing mechanism R3 is pressed
against the PFA tube 24. In a state in which the film F is
pressed against the PFA tube 24, the squeezing mechanism
R3 is moved in the longitudinal direction of the PFA tube. As
a result, the excessive addition curing type product region
adhesive 23, which does not contribute to the bonding, and the
air, taken (included) during the coating with the PFA tube 24,
which are located between the elastic layer 22 and the PFA
tube 24, are squeezed out.

When the squeezing mechanism R is moved in the longi-
tudinal direction of the PFA tube 24, in the case where slip is
not good, the squeezing mechanism R may also be moved
after silicone oil or the like is applied onto the surface of the
PFA tube 24. When the air supply is stopped (i.e., when the
pressure is returned to the ambient pressure), a size of the film
F is restored to an original size, so that the squeezing mecha-
nism R3 is spaced from the PFA tube 24.

A method, in this embodiment, in which the adhesive 23
interposed between the elastic layer 22 and the fluorine-
containing resin tube 24 and the air taken during the fluorine-
containing resin tube coating and squeezed will be described
with reference to (a) to (d) of FIG. 10.

(a) The squeezing mechanism R3 is engaged with an end
portion of the base material W coated with the PFA tube 24. At
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this time, no air pressure is applied to the film F. Then, the
squeezing mechanism R3 is moved in the longitudinal direc-
tion of the PFA tube 24.

(b) At the time before the film F enters a product region (at
the position of 2 mm in front of the product region), the air
pressure (0.5 MPa) is applied, and then the squeezing mecha-
nism R3 is moved in the longitudinal direction of the PFA
tube 24. As a result, the excessive addition curing type sili-
cone rubber adhesive 23, which does not contribute to the
bonding, interposed between the elastic layer 22 and the PFA
tube 24 and the air taken during the coating with the PFA tube
24 are squeezed.

(c) In the product region, the squeezing mechanism R3 is
moved in the longitudinal direction of the PFA tube 24 while
applying the air pressure (0.5 MPa).

(d) When the film F reaches a position outside the product
region (position of about 5 mm, in an out-of-product region,
from the product region), the air pressure is eliminated, and
then the squeezed adhesive 23 and the squeezed air are left in
the out-of-product region. Thereafter, the squeezing mecha-
nism R3 is disengaged from the base material W coated with
the PFA tube 24.

Thereafter, the base material W coated with the PFA tube
24 was heated, cut and abraded, so that the fixing belt 20 was
completed.

Although 100 pressing belts 30 were completed (prepared)
by the method in this embodiment, there was no occurrence of
a phenomenon that the squeezed adhesive 23 was adhered to
the member (core) N ((b) of FIG. 2) holding the base material
W. Further, the prepared 100 pressing belts 30 were checked
with respect to another appearance, but a defective portion
where squeezing non-uniformity or the like was generated
was not observed. By using the pressing belt 30 manufactured
in this embodiment, when a solid image was outputted in the
OHP sheet, the image defect or the like was not generated.

From the above result, in this embodiment, similarly as in
Embodiment 1, it was understood that the defective product
rate was able to be lowered.

[Other Embodiments]

(1) In Embodiments 1 and 2, with respect to both of the
heating member and the pressing member as the fixing mem-
ber, the endless belt member was described, but the fixing
member is not limited thereto. As the fixing member, a roller-
shaped member including a roller-shaped (column-shaped)
or hollow roller-shaped (cylinder-shaped) base substrate 21
having rigidity, the cylindrical elastic layer 22 formed over
the outer peripheral surface of the base substrate, and the
fluorine-containing resin tube 24 coating over the surface of
the elastic layer 22 may also be used.

(2) In the image heating fixing device A, other than the
device for fixing or temporarily fixing the unfixed toner image
(visualized image or developer image) as a fixed image by
heating the unfixed toner image by using the fixing member,
also a device for modifying a surface property such as gloss
by re-heating the fixed toner image is included.

While the invention has been described with reference to
the structures disclosed herein, it is not confined to the details
set forth and this application is intended to cover such modi-
fications or changes as may come within the purpose of the
improvements or the scope of the following claims.

This application claims priority from Japanese Patent
Application No. 237945/2012 filed Oct. 29, 2012, which is
hereby incorporated by reference.
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What is claimed is:

1. A fixing member manufacturing method comprising:

a first step of fitting a resin tube around an elastic material;
and

a second step of squeezing an excessive adhesive from
between the elastic material and the resin tube,

wherein said second step comprises:

a step of fitting, around the resin tube in a longitudinal end
side, a ring member having an inner diameter larger than
an outer diameter of the resin tube fitted around the
elastic material,;

a step of elastically contracting the ring member by air
pressure; and

a step of moving the ring member from the longitudinal end
side toward another longitudinal end side of the resin
tube while bringing an inner peripheral surface of the
ring member, which is contracted by the air pressure,
into contact with an outer peripheral surface of the resin
tube.

2. The fixing member manufacturing method according to
claim 1, further comprising a step of removing the ring mem-
ber from the resin tube after the air pressure applied to the ring
member that is in said another longitudinal end side of the
resin tube is eliminated.

3. The fixing member manufacturing method according to
claim 1, further comprising a step of removing the ring mem-
ber from the resin tube after negative pressure is applied to the
ring member that is in said another longitudinal end side of
the resin tube.

4. The fixing member manufacturing method according to
claim 1, further comprising, before said first step, a step of
coating an outer peripheral surface ofthe elastic material with
the adhesive.

5. The fixing member manufacturing method according to
claim 4, further comprising:

a step of holding the resin tube at a longitudinal end portion
by a first holding tool and holding the resin tube at
another longitudinal end portion by a second holding
tool;

a step of decreasing, by a predetermined amount, a distance
between the first and second holding tools which hold
the resin tube; and

a step of expanding the resin tube in a radial direction in a
state in which the distance between the first and second
holding tools has been decreased by the predetermined
amount,

wherein in said first step, the resin tube is expanded.

6. The fixing member manufacturing method according to
claim 5, further comprising:

a step of increasing, by a predetermined amount, the dis-

tance between the first and second holding tools to elon-
gate the resin tube, fitted around the elastic material, in a
longitudinal direction; and

a step of temporarily fixing the resin tube onto the elastic
material by locally heating the resin tube at the longitu-
dinal end portions in a state in which the resin tube is
elongated in the longitudinal direction before said sec-
ond step.

7. The fixing member manufacturing method according to
claim 6, wherein in said temporary fixing step, at said another
longitudinal end portion of the resin tube, a plurality of por-
tions to be heated and a plurality of portions not to be heated
are alternately formed with respect to a circumferential direc-
tion.
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8. The fixing member manufacturing method according to
claim 6, further comprising:

a step of fixing the resin tube onto the elastic material by
heating, after said second step, the adhesive located
between the elastic material and the resin tube; and

a step of cutting away a region, where the resin tube is
temporarily fixed onto the elastic material in said tem-
porary fixing step, from the resin tube fixed onto the
elastic material in said fixing step.

9. The fixing member manufacturing method according to
claim 1, wherein the resin tube is a fluorine containing resin
tube.

10. The fixing member manufacturing method according to
claim 9, wherein the fluorine containing resin tube is a PFA
tube.

11. The fixing member manufacturing method according to
claim 1, wherein said contracting step and said moving step
are concurrently performed.
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